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(54) SHARED WAVE REMOVING DEVICE 

(57) After amplification of a predetermined fre- 
quency component f 0 +nfd of an intermediate frequency 
signal extracted by a mixer (44), a shared wave signal 
thereof is demodulated and modulated, thereby repro- 
ducing TDM A serving as a shared wave signal. Further, 



a subtracter (51) subtracts the TDMA serving as the 
shared wave signal from the intermediate frequency 
signal to extract CDMA#1 signal serving as a desired 
wave signal. 
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Description 

TECHNICAL FIELD 

The present invention relates to an apparatus for 
removing shared waves other than a desired wave sig- 
nal contained in a radio frequency signal. 

BACKGROUND ART 

Fig. 1 is a block diagram showing a configuration of 
a conventional apparatus for removing shared waves 
disclosed in, for example, U.S. Patent No. 5,363,403. In 
the drawing, reference numeral 1 means an antenna to 
receive a radio frequency signal, 2 is an amplifier to 
amplify the radio frequency signal received by the 
antenna 1, 3 is a local oscillator to generate a local 
oscillation signal, and 4 is a mixer to mix the radio fre- 
quency signal amplified by the amplifier 2 with the local 
oscillation signal, thereby extracting an intermediate fre- 
quency signal. 

Reference numeral 5 means a CDMA (Code Divi- 
sion Multiple Access) code generator to generate a 
shared wave identifying code for identifying a CDMA 
shared wave, 6 is a correlation detector to detect 
CDMA#2 signal serving as a shared wave signal 
through code correlation from the intermediate fre- 
quency signal depending upon the shared wave identi- 
fying code generated from the CDMA code generator 5, 
7 is a demodulator to demodulate information of the 
CDMA#2 signal serving as the shared wave signal 
detected by the correlation detector 6, and 8 is a modu- 
lator to modulate the internal-oscillated intermediate 
frequency signal by the shared wave identifying code 
and the information of the CDMA#2 signal serving as 
the shared wave signal demodulated by the demodula- 
tor 7 depending upon the shared wave identifying code. 

Further, reference numeral 9 means a delay circuit 
to delay the intermediate frequency signal transformed 
by the mixer 4 for a predetermined time period, 10 is a 
subtracter to subtract the CDMA#2 signal serving as the 
shared wave signal modulated by the modulator 8 from 
the intermediate frequency signal delayed by the delay 
circuit 9, 1 1 is a CDMA code generator to generate a 
desired wave identifying code for identifying a desired 
wave, 12 is a code correlator to detect CDMA#1 signal 
serving as a shared wave signal through code correla- 
tion from output of the subtracter 10 depending upon 
the desired wave identifying code generated from the 
CDMA code generator 11, and 13 is a demodulator to 
demodulate information of the CDMA#1 signal serving 
as the shared wave signal detected by the code correla- 
tor 12. 

Fig. 2 is a block diagram showing a mobile commu- 
nication system to which the conventional apparatus for 
removing shared waves is applied. In the drawing, refer- 
ence numeral 21 means a mobile station equipped with 
the apparatus for removing shared waves, such as 



mobile vehicle communication apparatus, or mobile 
portable communication apparatus. Reference numeral 
22 means a radio base station equipped with the appa- 
ratus for removing shared waves to communicate with 

5 the mobile station 21 through a radio channel 23. Refer- 
ence numeral 24 means a satellite communication 
apparatus to communicate with the mobile station 21 
through a radio channel 25, and 26 is a satellite commu- 
nication ground base station equipped with the appara- 

10 tus for removing shared waves to communicate with the 
satellite communication apparatus 24 through a satellite 
line 27. 

Further, reference numeral 28 means a public 
switched telephone network (hereinafter referred to as 

is PSTN), 29 is a wire telephone connected to the PSTN 
28, 30 is a private system connected to the PSTN 28, 31 
is an exchanger in the private system 30, 32 is a tele- 
phone apparatus connected to the exchanger 31, and 
33, 34 and 35 are base stations in the private system 

20 30, which are connected to the exchanger 31 and con- 
nected to the mobile station 21 through a radio channel 
36, and are equipped with the apparatus for removing 
shared waves. 

A description will now be given of the operation. 

25 In radio communication between, for example, the 
mobile station 21 and the radio base station 22, or the 
mobile station 21 and the base station 33, that is, in 
each radio communication concurrently employing a 
frequency division multiple access method (hereinafter 

30 referred to as FDMA method), a multi-carrier time-divi- 
sion multiple access method (hereinafter referred to as 
TDMA method), a code division multiple access method 
(hereinafter referred to as CDMA method), and so forth, 
various types of radio waves are superimposed at the 

35 same frequency. Hence, the radio wave received by, for 
example, the mobile station 21 contains an unneces- 
sary signal (hereinafter referred to as shared wave sig- 
nal) in addition to a signal to be received (hereinafter 
referred to as desired wave signal). It is necessary to 

40 remove the shared wave signal from the received radio 
wave in order to extract the desired wave signal with 
less noise component due to the shared wave signal. 

Thus, the apparatus for removing shared waves as 
shown in Fig. 1 is mounted on, for example, the mobile 

45 station 21 to extract the desired wave signal by remov- 
ing the shared wave signal from the received radio 
wave. 

A description will now be given of the operation of 
the apparatus for removing shared waves. 

so First, when the antenna 1 receives the radio fre- 
quency signal, the amplifier 2 amplifies the radio fre- 
quency signal. 

After the amplifier 2 amplifies the radio frequency 
signal, the mixer 4 extracts the intermediate frequency 

55 signal by mixing the local oscillation signal generated 
from the local oscillator 3 with the radio frequency sig- 
nal. In this illustration, for the sake of simplicity, it must 
be noted that the intermediate frequency signal con- 
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tains CDMA#0 signal and the CDMA#2 signal serving 
as shared wave signals in addition to the CDMA#1 sig- 
nal serving as the desired wave signal as shown in Fig. 
3. In this connection, Fig. 9 shows a relationship 
between a frequency and a time slot in the mobile com- 
munication system shared between the TDMA method 
and a CDMA/TDMA method. For example, it is shown 
that the TDMA#3 and a partial frequency of the 
CDMA#3 share a time slot. 

After the intermediate frequency signal is extracted 
by the mixer 4 in the above manner, the correlation 
detector 6 detects the CDMA#2 signal serving as a 
shared wave signal through code correlation from the 
intermediate frequency signal depending upon the 
shared wave identifying code generated from the CDMA 
code generator 5. That is, as shown in Fig. 4, the 
CDMA#2 signal serving as the shared wave signal is 
correlated by regarding the CDMA#0 signal and the 
CDMA#1 signal contained in the intermediate fre- 
quency signal as the noise components. 

After the correlation detector 6 detects the 
CDMA#2 signal serving as the shared wave signal, the 
CDMA#0 signal and the CDMA#1 signal serving as the 
noise components are removed. Thus, the demodulator 
7 and the modulator 8 demodulate and thereafter mod- 
ulate the information of the CDMA#2 signal serving as 
the shared wave signal to output the information to the 
subtracter 10. 

On the other hand, when the intermediate fre- 
quency signal is extracted by the mixer 4, the delay cir- 
cuit 9 delays the intermediate frequency signal for the 
predetermined time period and thereafter outputs the 
signal to the subtracter 10 so as to overcome a differ- 
ence in time between the intermediate frequency signal 
inputted into the subtracter 10 and the CDMA#2 signal 
serving as the reproduced shared wave signal. 

The subtracter 10 can thereby subtract the 
CDMA#2 signal serving as the shared wave signal mod- 
ulated by the modulator 8 from the intermediate fre- 
quency signal delayed by the delay circuit 9, thereby 
removing a shared wave signal component from the 
intermediate frequency signal (see Fig. 5). 

After the subtracter 10 subtracts the CDMA#2 sig- 
nal serving as the shared wave signal from the interme- 
diate frequency signal, the code correlator 12 detects 
the CDMA#1 signal serving as the desired wave signal 
through code correlation from the intermediate fre- 
quency signal depending upon the desired wave identi- 
fying signal generated from the CDMA code generator 
1 1 . That is, as shown in Fig. 6, the CDMA#1 signal serv- 
ing as the desired wave signal is extracted by regarding 
the CDMA#0 signal contained in the intermediate fre- 
quency signal as the noise component. 

After the code correlator 12 detects the CDMA#1 
signal serving as the desired wave signal, the demodu- 
lator 1 3 demodulates and outputs the information of the 
CDMA#1 signal serving as the desired wave signal, 
resulting in the completion of a series of processing. 



The conventional apparatus for removing shared 
waves has the above structure. Therefore, it is possible 
to extract the CDMA#1 signal serving as the desired 
wave signal with relatively high accuracy even if the 

5 intermediate frequency signal contains the CDMA#0 
signal and the CDMA#2 signal as the shared wave sig- 
nals in addition to the CDMA#1 signal serving as the 
desired wave signal. However, as shown in Fig. 7, when 
the FDMA and the TDMA are contained as shared wave 

10 signals, the intermediate frequency signal still contains 
the FDMA and the TDMA having high signal power even 
after the subtracter 10 removes the CDMA#2 signal 
serving as the shared wave signal. Consequently, there 
is a problem in that, when the code correlator 1 2 detects 

is the CDMA#1 signal serving as the desired wave signal 
through the code correlation, the CDMA#1 signal serv- 
ing as the desired wave signal can not be extracted with 
high accuracy under the influence of the FDMA or the 
TDMA. 

20 Further, in the conventional apparatus for removing 
shared waves, even when transmission path distortion 
is caused in the radio frequency signal with propagation 
through a plurality of paths (see Fig. 8), the demodulator 
7 demodulates the information of the CDMA#2 signal 

25 serving as the shared wave signal without compensat- 
ing for the transmission path distortion of the CDMA#2 
signal serving as the shared wave signal. Hence, even 
when the modulator 8 modulates and reproduces the 
information of the CDMA#2 signal serving as the shared 

so wave signal, the transmission path distortion can not 
accurately be reproduced (there is a difference in wave- 
form between the shared wave signal contained in the 
intermediate frequency signal outputted from the delay 
circuit 9 and the shared wave signal outputted from the 

35 modulator 8). The subtracter 10 can not accurately 
remove the CDMA#2 signal serving as the shared wave 
signal from the intermediate frequency signal. As a 
result, there is another problem of a lower accuracy with 
which the CDMA#1 signal serving as the desired wave 

40 signal is extracted. 

The present invention is made to overcome the 
above problems, ft is an object of the present invention 
to provide an apparatus for removing shared waves in 
which a desired wave signal can be extracted with high 

45 accuracy even when an intermediate frequency signal 
contains FDMA or TDMA as a shared wave signal. 

It is another object of the present invention to pro- 
vide an apparatus for removing shared waves in which 
a desired wave signal can be extracted with high accu- 
se? racy even when transmission path distortion is caused 
in a radio frequency signal with propagation through a 
plurality of paths. 

DISCLOSURE OF THE INVENTION 

55 

According to the invention as claimed in Claim 1, 
there is provided an apparatus for removing shared 
waves in which a shared wave signal is reproduced by 



3 



5 



EP0 884 855 A1 



6 



amplifying a predetermined frequency component of an 
intermediate frequency signal extracted by means for 
extracting intermediate frequency, and demodulating 
and modulating the amplified predetermined frequency 
component. 

This results in an effect in that a desired wave sig- 
nal can be extracted with high accuracy even when the 
intermediate frequency signal contains the shared wave 
signal such as FDMA or TDMA. 

According to the invention as claimed in Claim 2, 
there is provided an apparatus for removing shared 
waves in which compensation is made for transmission 
path distortion of a predetermined frequency compo- 
nent, while the transmission path distortion is provided 
for a reproduced shared wave signal. 

It is thereby possible to remove the shared wave 
signal from an intermediate frequency signal with high 
accuracy even when the transmission path distortion is 
caused in a radio frequency signal with propagation 
through a plurality of paths. As a result, there is an effect 
in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 3, 
there is provided an apparatus for removing shared 
waves in which a signal level of a shared wave signal 
contained in an intermediate frequency signal is 
detected to control a signal level of a reproduced shared 
wave signal depending upon the result of detection. 

It is thereby possible to enhance an accuracy with 
which the shared wave signal contained in the interme- 
diate frequency signal is removed, resulting in an effect 
in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 4. 
there is provided an apparatus for removing shared 
waves in which a control is made to a phase of a repro- 
duced shared wave signal depending upon the result of 
detection of phase difference detecting means. 

It is thereby possible to enhance an accuracy with 
which the shared wave signal contained in the interme- 
diate frequency signal is removed, resulting in an effect 
in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 5, 
there is provided an apparatus for removing shared 
waves in which compensation is made for transmission 
path distortion of a desired wave signal. 

This results in an effect in that the desired wave sig- 
nal can be extracted with higher accuracy even when 
the transmission path distortion is caused in a radio fre- 
quency signal with propagation through a plurality of 
paths. 

According to the invention as claimed in Claim 6, 
there is provided an apparatus for removing shared 
waves in which shared wave signals reproduced by a 
plurality of means for reproducing shared wave are 
respectively subtracted from an intermediate frequency 
signal extracted by means for extracting intermediate 



frequency. 

This results in an effect in that the plurality of 
shared wave signals can concurrently be removed. 
According to the invention as claimed in Claim 7, 

5 there is provided an apparatus for removing shared 
waves in which a shared wave signal is reproduced 
through code correlation from an intermediate fre- 
quency signal, compensation is made for transmission 
path distortion of the shared wave signal, while the 

io shared wave signal compensated for the transmission 
path distortion is demodulated and modulated to pro- 
vide the transmission path distortion for the demodu- 
lated and modulated shared wave signal. 

It is thereby possible to remove the shared wave 

is signal from the intermediate frequency signal with high 
accuracy even when the transmission path distortion is 
caused in a radio frequency signal with propagation 
through a plurality of paths. As a result, there is an effect 
in that a desired wave signal can be extracted with high 

20 accuracy. 

According to the invention as claimed in Claim 8, 
there is provided an apparatus for removing shared 
waves in which a signal level of a shared wave signal 
contained in an intermediate frequency signal is 

25 detected to control a signal level of a reproduced shared 
wave signal depending upon the result of detection. 

It is thereby possible to enhance an accuracy with 
which the shared wave signal contained in the interme- 
diate frequency signal is removed, resulting in an effect 

30 in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 9, 
there is provided an apparatus for removing shared 
waves in which a control is made to a phase of a repro- 

35 duced shared wave signal depending upon the result of 
detection of phase difference detecting means. 

It is thereby possible to enhance an accuracy with 
which the shared wave signal contained in the interme- 
diate frequency signal is removed, resulting in an effect 

40 in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 10, 
there is provided an apparatus for removing shared 
waves in which compensation is made for transmission 
45 path distortion of a desired wave signal. 

This results in an effect in that the desired wave sig- 
nal can be extracted with higher accuracy even when 
the transmission path distortion is caused in a radio fre- 
quency signal with propagation through a plurality of 
so paths. 

According to the invention as claimed in Claim 11, 
there is provided an apparatus for removing shared 
waves in which shared wave signals reproduced by a 
plurality of means for reproducing means are respec- 
55 tively subtracted from an intermediate frequency signal 
extracted by means for extracting intermediate fre- 
quency. 

This results in an effect in that the plurality of 
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shared wave signals can concurrently be removed. 

According to the invention as claimed in Claim 12, 
there is provided an apparatus for removing shared 
waves in which a shared wave signal is reproduced 
through code correlation from an intermediate fre- 
quency signal, compensated compensation is made for 
transmission path distortion of the shared wave signal, 
while the shared wave signal compensated for the 
transmission path distortion is demodulated and modu- 
lated to provide the transmission path distortion for the 
demodulated and modulated shared wave signal. 

It is thereby possible to remove the shared wave 
signal from the intermediate frequency signal with high 
accuracy even when the transmission path distortion is 
caused in a radio frequency signal with propagation 
through a plurality of paths. As a result, there is an effect 
in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 13. 
there is provided an apparatus for removing shared 
waves in which a signal level of a shared wave signal 
contained in an intermediate frequency signal is 
detected to control a signal level of a reproduced shared 
wave signal depending upon the result of detection. 

It is thereby possible to enhance an accuracy with 
which the shared wave signal contained in the interme- 
diate frequency signal is removed, resulting in an effect 
in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 14, 
there is provided an apparatus for removing shared 
waves in which a control is made to a phase of a repro- 
duced shared wave signal depending upon the result of 
detection of phase difference detecting means. 

It is thereby possible to enhance an accuracy with 
which the shared wave signal contained in the interme- 
diate frequency signal is removed, resulting in an effect 
in that a desired wave signal can be extracted with high 
accuracy. 

According to the invention as claimed in Claim 15, 
there is provided an apparatus for removing shared 
waves in which compensation is made for transmission 
path distortion of a desired wave signal. 

This results in an effect in that the desired wave sig- 
nal can be extracted with higher accuracy even when 
the transmission path distortion is caused in a radio fre- 
quency signal with propagation through a plurality of 
paths. 

According to the invention as claimed in Claim 16. 
there is provided an apparatus for removing shared 
waves in which shared wave signals reproduced by a 
plurality of means for reproducing are respectively sub- 
tracted from an intermediate frequency signal extracted 
by means for extracting intermediate frequency. 

This results in an effect in that the plurality of 
shared wave signals can concurrently be removed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a configuration of 
a conventional apparatus for removing shared waves. 
5 Fig. 2 is a block diagram showing a mobile commu- 
nication system to which the conventional apparatus for 
removing shared waves is applied. 

Fig. 3 is an explanatory view showing a frequency 
spectrum of an intermediate frequency signal. 
10 Fig. 4 is an explanatory view showing a frequency 
spectrum at output of a correlation detector 6. 

Fig. 5 is an explanatory view showing a frequency 
spectrum at output of a subtracter 10. 

Fig. 6 is an explanatory view showing a frequency 
75 spectrum at output of a code correlator 1 2. 

Fig. 7 is an explanatory view showing a frequency 
spectrum of an intermediate frequency signal. 

Fig. 8 is a waveform diagram illustrating transmis- 
sion path distortion with propagation through a plurality 
20 of paths. 

Fig. 9 is an explanatory view showing a frequency 
spectrum of an intermediate frequency signal. 

Fig. 10 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
25 the embodiment 1 of the present invention. 

Fig. 11 is an explanatory view showing a frequency 
spectrum of an intermediate frequency signal. 

Fig. 12 is an explanatory view showing a frequency 
spectrum at output of an amplifier 45. 
30 Fig. 1 3 is a waveform diagram showing a waveform 
at output of a demodulator 46. 

Fig. 14 is an explanatory view showing a frequency 
spectrum at output of a modulator 48. 

Fig. 1 5 is an explanatory view showing a frequency 
35 spectrum at output of an attenuator 49. 

Fig. 16 is an explanatory view showing a frequency 
spectrum at output of a subtracter 51 . 

Fig. 17 is an explanatory view showing a frequency 
spectrum at output of a code correlator 53. 
40 Fig. 1 8 is an explanatory view showing a frequency 
spectrum at output of an amplifier with a filter in a 
demodulator 54. 

Fig. 1 9 is a waveform diagram showing a waveform 
at output of the demodulator 54. 
45 Fig. 20 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 2 of the present invention. 

Fig. 21 is a waveform diagram illustrating transmis- 
sion path distortion with propagation through a plurality 
so of paths. 

Fig. 22 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 3 of the present invention. 

Fig. 23 is a block diagram showing a configuration 
55 of an apparatus for removing shared waves according to 
the embodiment 4 of the present invention. 

Fig. 24 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
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the embodiment 6 of the present invention. 

Fig. 25 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 7 of the present invention. 

Fig. 26 is an explanatory view showing a frequency 
spectrum at output of a correlation detector 70. 

Fig. 27 is an explanatory view showing a frequency 
spectrum at output of a subtracter 51 . 

Fig. 28 is an explanatory view showing a frequency 
spectrum at output of a code correlator 53. 

Fig. 29 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 8 of the present invention. 

Fig. 30 is an explanatory view showing a frequency 
spectrum at output of an amplifier 71 . 

Fig. 31 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 9 of the present invention. 

BEST MODE FOR EMBODYING THE INVENTION 

For a more detailed description of the present 
invention, a description will now be given of the best 
mode for practicing the present invention with reference 
to the accompanying drawings. 

Embodiment 1 

Fig. 10 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 1 of the present invention. In the draw- 
ing, reference numeral 41 means an antenna to receive 
a radio frequency signal, 42 is an amplifier to amplify the 
radio frequency signal received by the antenna 41 , 43 is 
a local oscillator (means for extracting intermediate fre- 
quency) to generate a local oscillation signal, and 44 is 
a mixer (means for extracting intermediate frequency) to 
extract an intermediate frequency signal by mixing the 
local oscillation signal with the radio frequency signal 
amplified by the amplifier 42. 

Further, reference numeral 45 means an amplifier 
(means for reproducing shared wave) to amplify a pre- 
determined frequency component f 0 +nfd of the interme- 
diate frequency signal extracted by the mixer 44, 46 is a 
demodulator (means for reproducing shared wave) to 
demodulate the predetermined frequency component 
f 0 +nfd amplified by the amplifier 45, 47 is an internal 
oscillator (means for reproducing shared wave) to gen- 
erate a modulation reference signal, 48 is a modulator 
(means for reproducing shared wave) to modulate the 
predetermined frequency component f 0 +nfd demodu- 
lated by the demodulator 46 depending upon the infor- 
mation signal of the shared wave demodulated by the 
demodulator 46, and reproduce TDMA signal serving 
as a shared wave signal, and 49 is an attenuator 
(means for reproducing shared wave) to detect a signal 
level of the TDMA amplified by the amplifier 45, and 
conform the signal level of the TDMA serving as the 



shared wave signal modulated by the modulator 48 to a 
signal level of TDMA contained in the intermediate fre- 
quency signal. When an oscillation frequency of the 
local oscillator 43 is conformed to a center frequency of 

5 CDMAs #0, #1 , and #2 signals, the CDMAs #0. #1 , and 
#2 signals in an output signal from the mixer 44 serve as 
baseband signals. Since this case merely shows that f 0 
a 0 Hz, it is to be noted that the following discussion is 
intended to include a case where the CDMA is proc- 

w essed through the baseband though the case is not 
described in particular. 

Further, reference numeral 50 means a delay circuit 
to delay the intermediate frequency signal extracted by 
the mixer 44 for a predetermined time period, 51 is a 

is subtracter (means for removing shared wave) to sub- 
tract the TDMA serving as the shared wave signal atten- 
uated by the attenuator 49 from the intermediate 
frequency signal delayed by the delay circuit 50, 52 is a 
CDMA code generator (means for extracting desired 

20 wave) to generate a desired wave identifying code for 
identifying a desired wave, 53 is a code correlator 
(means for extracting desired wave) to detect CDMA#1 
signal serving as a desired wave signal through code 
correlation from output of the subtracter 51 depending 

25 upon the desired wave identifying code generated from 
the CDMA code generator 52, and 54 is a demodulator 
to demodulate information of the CDMA#1 signal as the 
desired wave signal detected by the code correlator 53. 
A description will now be given of the operation. 

30 First, when the antenna 41 receives the radio fre- 
quency signal, the amplifier 42 amplifies the radio fre- 
quency signal. 

After the amplifier 42 amplifies the radio frequency 
signal, the mixer 44 extracts the intermediate frequency 

35 signal by mixing the local oscillation signal generated 
from the local oscillator 43 with the radio frequency sig- 
nal. In the embodiment, for the sake of simplicity, it must 
be noted that the intermediate frequency signal con- 
tains CDMA#0 signal, the CDMA#2 signal. FDMA, and 

40 TDMA as shared wave signals in addition to the 
CDMA#1 signal serving as the desired wave signal as 
shown in Fig. 11. 

When the intermediate frequency signal is 
extracted by the mixer 44 in the above manner, the 

45 amplifier 45 amplifies only a signal component at a fre- 
quency of f 0 +nfd in order to reproduce TDMA having the 
maximum signal power as the shared wave signal. In 
this case, as shown in Fig. 12. output of the amplifier 45 
contains the CDMA#0 signal, the CDMA#1 signal, and 

so the CDMA#2 signal as remaining noise components of 
the TDMA. 

After the amplifier 45 amplifies the signal compo- 
nent at the frequency of fo+nfd, the demodulator 46 
removes the above noise components from the signal 
55 component to demodulate the output of the amplifier 45 
so as to reproduce the information of the TDMA signal 
serving as the shared wave signal (see Fig. 13). 

When the demodulator 46 outputs the TDMA infor- 
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mation from which the noise components are removed, 
the modulator 48 modulates the TDMA information 
depending upon the modulation reference signal. 

Further, the attenuator 49 conforms a signal level of 
the TDMA modulated by the modulator 48 to a signal 
level of the TDMA contained in the intermediate fre- 
quency signal outputted from the delay circuit 50, 
thereby improving an accuracy with which the shared 
wave signal is removed in the subtracter 51. For this 
purpose, the attenuator 49 detects the signal level of the 
TDMA amplified by the amplifier 45. and controls the 
signal level of the TDMA serving as the shared wave 
signal modulated by the modulator 48. Meanwhile, Fig. 
14 shows the signal level of the TDMA before the con- 
trol, and Fig. 15 shows the signal level of the TDMA 
after the control. 

On the other hand, when the intermediate fre- 
quency signal is extracted by the mixer 44, the delay cir- 
cuit 50 delays the intermediate frequency signal for the 
predetermined time period and thereafter outputs the 
signal to the subtracter 51 so as to overcome a differ- 
ence in time between the intermediate frequency signal 
inputted into the subtracter 51 and the TDMA serving as 
the shared wave signal. 

The subtracter 51 can thereby subtract the TDMA 
serving as the shared wave signal attenuated by the 
attenuator 49 from the intermediate frequency signal 
delayed by the delay circuit 50, and removes a shared 
wave signal component from the intermediate fre- 
quency signal (see Fig. 16). 

After the subtracter 51 subtracts the TDMA serving 
as the shared wave signal from the intermediate fre- 
quency signal, the code correlator 53 detects the 
CDMA#1 signal serving as the desired wave signal 
through the code correlation from the intermediate fre- 
quency signal depending upon the desired wave identi- 
fying code generated from the COMA code generator 
52. That is. as shown in Fig. 17, the CDMA#1 signal 
serving as the desired wave signal is extracted by being 
correlated and regarding the diffused FDMA signal con- 
tained in the intermediate frequency signal as the noise 
component (the FDMA being diffused with a center fre- 
quency of the FDMA as a center to equally extend 
toward both sides), and regarding the CDMA#0 signal 
and the CDMA#2 signal as the noise components. In 
this case, as shown in Fig. 18, the extracted desired 
wave signal contains the FDMA. the CDMA#0 signal, 
and the CDMA#2 signal as the noise components. 

Then, the demodulator 54 demodulates output of 
the code correlator 53. thereby extracting only informa- 
tion of the CDMA#1 signal serving as the desired wave 
signal (see Fig. 19). resulting in the completion of a 
series of processing. 

As set forth above, according to the embodiment 1 . 
the predetermined frequency component f 0 +nfd of the 
intermediate frequency signal is amplified, and thereaf- 
ter demodulated and modulated to reproduce the 
shared wave signal. Thus, even when the intermediate 



frequency signal contains the TDMA as the shared 
wave signal, it is possible to reproduce the TDMA serv- 
ing as the shared wave signal from the intermediate fre- 
quency signal. As a result, there is an effect in that the 
5 information of the CDMA#1 signal serving as the 
desired wave signal can be extracted with high accuracy 
by removing the TDMA serving as the shared wave sig- 
nal from the intermediate frequency signal. 

w Embodiment 2 

Fig. 20 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 2 of the present invention. In the draw- 

is ing, the same reference numerals are used for compo- 
nent parts identical with or equivalent to those shown in 
Fig. 10, and descriptions thereof are omitted. 

Reference numeral 55 means an equalizer (means 
for extracting shared wave) to compensate for transmis- 

20 sion path distortion of a shared wave signal with propa- 
gation through a plurality of paths, 56 is a simulator 
(means for reproducing shared wave) to provide the 
transmission path distortion for TDMA signal serving as 
a shared wave signal whose signal level is controlled by 

25 an attenuator 49. and 57 is a processor (means for 
reproducing shared wave) to find a correlation function 
T according to an inverse correlation function T 1 of dis- 
tortion compensation used in the equalizer 55, and pro- 
vide the correlation function T for the simulator 56. 

30 A description will now be given of the operation. 

A structure is identical with that in the embodiment 
1 except the equalizer 55, the simulator 56, and the 
processor 57. Therefore, a description will chiefly be 
given of the equalizer 55, the simulator 56. and the proc- 

35 essor 57. 

First, in a radio frequency signal, as shown in Fig. 
21(a), the transmission path distortion may be caused 
with the propagation through the plurality of paths as 
described above. In such a case, the transmission path 

40 distortion is naturally caused in TDMA (or FDMA) serv- 
ing as a shared wave signal. If the TDMA serving as the 
shared wave signal is demodulated by a demodulator 
46 without compensating for the transmission path dis- 
tortion as in the embodiment 1, the modulator 48 may 

45 cause a modulation code error due to a noise compo- 
nent of a distorted waveform. Consequently, an inaccu- 
rately reproduced waveform of the TDMA is outputted to 
the subtracter 51. 

Hence, in the embodiment 2, when an amplifier 45 

so amplifies a signal component at a frequency of f 0 +nfd, 
that is, the TDMA serving as the shared wave signal, 
the equalizer 55 compensates for the distorted wave- 
form of the TDMA by using the inverse correlation func- 
tion T 1 of distortion compensation. Fig. 21(b) shows a 

55 waveform of a shared wave signal after the distortion 
compensation. 

The demodulator 46 can thereby demodulate the 
TDMA having an undistorted waveform so that the mod- 
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ulator 48 can modulate the TDMA serving as the shared 
wave signal without causing the modulation code error. 
However, the waveform of the modulated TDMA has no 
distortion. If the TDMA is directly outputted to the sub- 
tracter 51 , there is a difference in waveform between the 
modulated TDMA and the TDMA contained in the inter- 
mediate frequency signal outputted from a delay circuit 
50 to the subtracter 51 (the TDMA having the transmis- 
sion path distortion). 

Thus, in order to provide the same transmission 
path distortion for the reproduced TDMA outputted from 
the attenuator 49, the simulator 56 provides the trans- 
mission path distortion for the TDMA serving as the 
shared wave signal by using the correlation function T. 
Thereby, the waveform of the TDMA serving as the 
shared wave signal becomes a waveform having the 
transmission path distortion as shown in Fig. 21(a). 

As is apparent from the foregoing, according to the 
embodiment 2, after the compensation for the shared 
wave signal contained in the intermediate frequency 
signal, the shared wave signal is demodulated and 
modulated to provide the transmission path distortion 
for the modulated shared wave signal. Consequently, 
even when the transmission path distortion occurs in 
the radio frequency signal with the propagation through 
the plurality of paths, it is possible to remove the TDMA 
serving as the shared wave signal from the intermediate 
frequency signal with high accuracy. As a result, there is 
an effect in that it is possible to extract the information of 
the CDMA#1 signal serving as the desired wave signal 
with high accuracy. 

Embodiment 3 

Fig. 22 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 3 of the present invention. In the draw- 
ing, the same reference numerals are used for compo- 
nent parts identical with or equivalent to those shown in 
Fig. 20, and descriptions thereof are omitted. 

Reference numeral 58 means a phase detector 
(phase detecting means) to detect a phase difference 
between an intermediate frequency signal delayed by a 
delay circuit 50 and a shared wave signal outputted 
from a simulator 56, 59 is a loop filter to remove a higher 
harmonic component contained in the phase difference 
detected by the phase detector 58, and 60 is a voltage 
control oscillator (means for reproducing shared wave) 
to output a modulation reference signal depending upon 
output of the loop filter 59. 

A description will now be given of the operation. 

In the embodiments 1 and 2, phase synchronization 
between the intermediate frequency signal and the 
shared wave signal is performed only by delaying the 
intermediate frequency signal by the delay circuit 50. 
However, for example, a demodulator 46 and a modula- 
tor 48 do not always have the same throughput speed 
so that phase synchronization may not accurately be 



realized in this method. 

However, according to the embodiment 3, it is pos- 
sible to continuously realize accurate phase synchroni- 
zation. 

5 First, the phase detector 58 detects the phase dif- 
ference between the intermediate frequency .signal 
delayed by the delay circuit 50 and the shared wave sig- 
nal outputted from the simulator 56. 

After the phase detector 58 detects the phase dit- 
to ference, the loop filter 59 removes trie higher harmonic 
component contained in the phase difference, and out- 
puts the phase difference to the voltage control oscilla- 
tor 60. 

Thereby, the voltage control oscillator 60 typically 
15 outputs a modulation reference signal with a center fre- 
quency of f o+nfd, and controls the modulation reference 
signal depending upon the phase difference for syn- 
chronization such that the intermediate frequency sig- 
nal and the shared wave signal can be in phase. 
20 As is apparent from the foregoing, according to the 
embodiment 3, the phase of the reproduced shared 
wave signal is controlled depending upon the result of 
detection of the phase detector 58. It is possible to 
improve an accuracy with which the shared wave signal 
25 contained in the intermediate frequency signal is 
removed, resulting in an effect in that information of 
CDMA#1 signal serving as a desired wave signal can 
be extracted with high accuracy. 



Fig. 23 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 4 of the present invention. In the draw- 

35 ing, the same reference numerals are used for compo- 
nent parts identical with or equivalent to those shown in 
Fig. 22, and descriptions thereof are omitted. 

Reference numeral 61 means an equalizer (means 
for extracting desired wave) to compensate for transmis- 

40 sion path distortion of a desired wave signal with propa- 
gation through a plurality of paths. 

A description will now be given of the operation. 
In the embodiments 2 and 3, compensation is made 
for the transmission path distortion of the shared wave 

45 signal. However, it is to be noted that the equalizer 61 
may compensate for the transmission path distortion of 
CDMA#1 signal serving as the desired wave signal by 
using an inverse correlation function of distortion com- 
pensation calculated by the equalizer 61 itself. 

so Thereby, even when the transmission path distor- 
tion is caused in a radio frequency signal with the prop- 
agation through the plurality of paths, it is possible to 
compensate for waveform distortion of the CDMA#1 sig- 
nal serving as the desired wave signal. As a result, 

55 there is an effect in that information of the CDMA#1 sig- 
nal serving as the desired wave signal can be extracted 
with high accuracy. 
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Embodiment 5 

In the embodiments 1 to 4, the TDMA is reproduced 
and removed as the shared wave signal. However, it 
must be noted that FDMA may be reproduced and 5 
removed as the shared wave signal to provide the same 
effects as those in the embodiments 1 to 4. 

Embodiment 6 

w 

Fig. 24 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 6 of the present invention. In the draw- 
ing, the same reference numerals are used for compo- 
nent parts identical with or equivalent to those shown in 75 
Fig. 10, and descriptions thereof are omitted. 

Reference numerals 62 to 65 mean cancel ers to 
reproduce different shared wave signals, which are 
means for reproducing shown in any one of the embod- 
iments 1 to 5, and 7. Reference numerals 66 to 68 20 
means adders (means for removing shared wave) to 
add shared wave signals outputted from the cancelers 
62 to 65. 

A description will now be given of the operation. 

In the embodiments 1 to 5, the one shared wave 25 
signal is reproduced and removed. However, it is to be 
noted that the structure as shown in Fig. 24 may be pro- 
vided when an intermediate frequency signal contains 
many shared wave signals having high signal power. 

That is, the plurality of cancelers 62 to 65 are 30 
mounted to reproduce different shared wave signals, 
and the shared wave signals such as TDMA reproduced 
by the cancelers 62 to 65 are added by the adders 66 to 
68. Subsequently, the result of addition is outputted to a 
subtracter 51 . It is thereby possible to remove the plural- 35 
ity of shared wave signals contained in the intermediate 
frequency signal. 

Embodiment 7 

40 

Fig. 25 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 7 of the present invention. In the draw- 
ing, the same reference numerals are used for compo- 
nent parts identical with or equival ent to those shown in 45 
Fig. 23, and descriptions thereof are omitted. 

Reference numeral 69 means a CDMA code gener- 
ator (means for reproducing) to generate a shared wave 
identifying code for identifying a shared wave, and 70 is 
a correlation detector (means for reproducing shared so 
wave) to detect CDMA#2 signal serving as a shared 
wave signal through code correlation from an intermedi- 
ate frequency signal depending upon the shared wave 
identifying code generated from the CDMA code gener- 
ator 69. 55 

A description will now be given of the operation. 

In the embodiments 1 to 6, the TDMA or the FDMA 
is reproduced as the shared wave signal. However, it is 



to be noted that the structure as shown in Fig. 25 may 
be provided when a radio frequency signal has trans- 
mission path distortion with propagation through a plu- 
rality of paths, and the CDMA#2 signal must be 
removed as the shared wave signal though, for exam- 
ple, the TDMA contained in an intermediate frequency 
signal does not have very high signal power. 

That is, the correlation detector 70 detects the 
CDMA#2 signal serving as the shared wave signal 
through the code correlation from the intermediate fre- 
quency signal depending upon the shared wave identi- 
fying code generated from the code generator 69. More 
specifically, as shown in Fig. 26, the CDMA#2 signal 
serving as the shared wave signal is reproduced by dif- 
fusing and regarding the TDMA signal and the FDMA 
signal contained in the intermediate frequency signal as 
noise components (the TDMA and the FDMA being dif- 
fused with a center frequency of the TDMA and the 
FDMA as a center to equally extend toward their both 
sides), and regarding CDMA#0 signal and CDMA#1 sig- 
nal as noise components. 

Thereby, the CDMA#2 signal to which the transmis- 
sion path distortion is added is outputted from a simula- 
tor 56 to a subtracter 51 . As in the embodiments 1 to 6, 
the subtracter 51 subtracts the CDMA#2 signal serving 
the shared wave signal from the intermediate frequency 
signal, thereby removing the CDMA#2 signal from the 
intermediate frequency signal (see Fig. 27). 

After the subtracter 51 subtracts the CDMA#2 sig- 
nal serving the shared wave signal from the intermedi- 
ate frequency signal, the code correlator 53 detects the 
CDMA#1 signal serving as a desired wave signal 
through the code correlation from the intermediate fre- 
quency signal depending upon a desired wave identify- 
ing code generated from a CDMA code generator 52 as 
in the embodiment 1 or the like. That is, as shown in Fig. 
28. the CDMA#1 signal serving as the desired wave sig- 
nal is extracted by diffusing and regarding the TDMA 
signal and the FDMA signal contained in the intermedi- 
ate frequency signal as the noise components, and 
regarding the CDMA#0 signal as the noise component. 

As is apparent from the foregoing, according to the 
embodiment 7, the shared wave signal is reproduced by 
diffusing, for example, the desired wave signal con- 
tained in the intermediate frequency signal, and com- 
pensation is made for the transmission path distortion of 
the shared wave signal. On the other hand, the shared 
wave signal compensated for the transmission path dis- 
tortion is demodulated and modulated, and the trans- 
mission path distortion is provided for the demodulated 
and modulated shared wave signal. Thus, even when 
the transmission path distortion is caused in the radio 
frequency signal with the propagation through the plu- 
rality of paths, it is possible to remove the shared wave 
signal from the intermediate frequency signal with high 
accuracy. As a result, there is an effect in that the 
desired wave signal can be extracted with high accu- 
racy. 



25 



30 



35 



40 



45 



50 



9 



17 



EP0 884 855A1 



18 



Embodiment 8 

Fig. 29 is a block diagram showing a configuration 
of an apparatus for removing shared waves according to 
the embodiment 8 of the present invention. In the draw- 
ing, the same reference numerals are used tor compo- 
nent parts identical with or equivalent to those shown in 
Fig. 25, and descriptions thereof are omitted. 

Reference numeral 71 means an amplifier {means 
for extracting desired wave) to amplify a predetermined 
frequency component f 0 +nfd of an intermediate fre- 
quency signal from which a shared wave signal is 
removed by a subtracter 51 so as to extract TDMA serv- 
ing as a desired wave signal. 

A description will now be given of the operation. 

In the embodiment 7, the CDMA#1 signal serves as 
the desired wave signal. However, it is to be noted that 
the structure as shown in Fig. 29 may be provided when 
the TDMA serves as the desired wave signal. 

That is, since the amplifier 71 amplifies only the sig- 
nal component at the frequency of f 0 +nfd. the TDMA 
contained in the intermediate frequency signal can be 
extracted as the desired wave signal (see Fig. 30). 

Embodiment 9 

Though the TDMA is extracted as the desired wave 
signal in the embodiment 8, it must be noted that, for 
example, FDMA may be extracted as the desired wave 
signal, resulting in the same effect as that in the embod- 
iment 8. 

Further, as in the embodiment 6, a structure as 
shown in Fig. 31 may be provided when an intermediate 
frequency signal contains many shared wave signals 
having high signal power. 

INDUSTRIAL APPLICABILITY 

As set forth above, when the radio frequency signal 
is received by a mobile station 21 , a radio base station 
22, a base station 33, and so forth, the apparatus for 
removing shared waves according to the present inven- 
tion is suitable to remove a shared wave signal from a 
radio frequency signal, and extract a desired wave sig- 
nal. 

Claims 

1 . An apparatus for removing shared waves compris- 
ing: 

intermediate frequency extracting means for 
extracting an intermediate frequency signal 
from a radio frequency signal; 
shared wave reproducing means for reproduc- 
ing a shared wave signal by amplifying a prede- 
termined frequency component of the 
intermediate frequency signal extracted by the 



intermediate frequency extracting means, and 
demodulating and modulating the amplified 
predetermined frequency component; 
shared wave removing means for subtracting 

5 the shared wave signal reproduced by the 

shared wave reproducing means from the inter- 
mediate frequency signal extracted by the 
intermediate frequency extracting means; and 
desired wave extracting means for extracting a 

10 desired wave signal through code correlation 

from the intermediate frequency signal from 
which the shared wave signal is subtracted by 
the shared wave removing means. 

is 2. An apparatus for removing shared waves according 
to claim 1 , wherein the shared wave reproducing 
means compensates for transmission path distor- 
tion of the predetermined frequency component, 
and provides the transmission path distortion for 

20 the reproduced shared wave signal. 

3. An apparatus for removing shared waves according 
to claim 1 , wherein the shared wave reproducing 
means detects a signal level of a shared wave sig- 

25 nal contained in the intermediate frequency signal 
extracted by the intermediate frequency extracting 
means, and controls a signal level of the repro- 
duced shared wave signal depending upon the 
result of detection. 

30 

4. An apparatus for removing shared waves according 
to claim 1, wherein phase difference detecting 
means is mounted for detecting a phase difference 
between the intermediate frequency signal 

35 extracted by the intermediate frequency extracting 
means and the shared wave signal reproduced by 
the shared wave reproducing means, and the 
shared wave reproducing means controlling a 
phase of the reproduced shared wave signal 

40 depending upon the result of detection of the phase 
difference detecting means. 

5. An apparatus for removing shared waves according 
to claim 1, wherein the desired wave extracting 

45 means compensates for the transmission path dis- 
tortion of the desired wave signal. 

6. An apparatus for removing shared waves according 
to claim 1 , wherein a plurality of shared wave repro- 

so ducing means are mounted for reproducing differ- 
ent shared wave signals, and the shared wave 
removing means respectively subtracting the 
shared wave signals reproduced by the plurality of 
shared wave reproducing means from the inter me- 

55 diate frequency signal extracted by the intermedi- 
ate frequency extracting means. 

7. An apparatus for removing shared waves compris- 
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ing: 

intermediate frequency extracting means tor 
extracting an intermediate frequency signal 
from a radio frequency signal; 
shared wave reproducing means for reproduc- 
ing a shared wave signal through code correla- 
tion from the intermediate frequency signal 
extracted by the intermediate frequency 
extracting means, compensating for transmis- 
sion path distortion of the shared wave signal, 
demodulating and modulating the shared wave 
signal compensated for the transmission path 
distortion, and providing the transmission path 
distortion for the demodulated and modulated 
shared wave signal; 

shared wave removing means for subtracting 
the shared wave signal for which the transmis- 
sion path distortion is provided by the shared 
wave reproducing means from the intermediate 
frequency signal extracted by the intermediate 
frequency extracting means; and 
desired wave extracting means for extracting a 
desired wave signal through code correlation 
from the intermediate frequency signal from 
which the shared wave signal is subtracted by 
the shared wave removing means. 

8. An apparatus for removing shared waves according 
to claim 7, wherein the shared wave reproducing 
means detects a signal level of a shared wave sig- 
nal contained in the intermediate frequency signal 
extracted by the intermediate frequency extracting 
means, and controls a signal level of the repro- 
duced shared wave signal depending upon the 
result of detection. 

9. An apparatus for removing shared waves according 
to claim 7, wherein phase difference detecting 
means is mounted for detecting a phase difference 
between the intermediate frequency signal 
extracted by the intermediate frequency extracting 
means and the shared wave signal reproduced by 
the shared wave reproducing means, and the 
shared wave reproducing means controlling a 
phase of the reproduced shared wave signal 
depending upon the result of detection of the phase 
difference detecting means. 

10. An apparatus tor removing shared waves according 
to claim 7, wherein the desired wave extracting 
means compensates for the transmission path dis- 
tortion of the desired wave signal. 

1 1 . An apparatus for removing shared waves according 
to claim 7, wherein a plurality of shared wave repro- 
ducing means are mounted for reproducing differ- 
ent shared wave signals, and the shared wave 



removing means respectively subtracting the 
shared wave signals reproduced by the plurality of 
shared wave reproducing means from the interme- 
diate frequency signal extracted by the intermedi- 
5 ate frequency extracting means. 

12. An apparatus for removing shared waves compris- 
ing: 

10 intermediate frequency extracting means for 

extracting an intermediate frequency signal 
from a radio frequency signal; 
shared wave reproducing means for reproduc- 
ing a shared wave signal through code correla- 

is tion from the intermediate frequency signal 

extracted by the intermediate frequency 
extracting means, compensating for transmis- 
sion path distortion of the shared wave signal, 
demodulating and modulating the shared wave 

20 signal compensated for the transmission path 

distortion, and providing the transmission path 
distortion for the demodulated and modulated 
shared wave signal; 

shared wave removing means for subtracting 
25 the shared wave signal for which the transmis- 

sion path distortion is provided by the shared 
wave reproducing means from the intermediate 
frequency signal extracted by the intermediate 
frequency extracting means; and 
30 desired wave extracting means for extracting a 

desired wave signal by amplifying a predeter- 
mined frequency component of the intermedi- 
ate frequency signal from which the shared 
wave signal is subtracted by the shared wave 
35 removing means. 

1 3. An apparatus for removing shared waves according 
to claim 12, wherein the shared wave reproducing 
means detects a signal level of a shared wave sig- 

40 nal contained in the intermediate frequency signal 
extracted by the intermediate frequency extracting 
means, and controls a signal level of the repro- 
duced shared wave signal depending upon the 
result of detection. 

45 

1 4. An apparatus for removing shared waves according 
to claim 12, wherein phase difference detecting 
means is mounted for detecting a phase difference 
between the intermediate frequency signal 

so extracted by the intermediate frequency extracting 
means and the shared wave signal reproduced by 
the shared wave reproducing means, and the 
shared wave reproducing means controlling a 
phase of the reproduced shared wave signal 

55 depending upon the result of detection of the phase 
difference detecting means. 

1 5. An apparatus for removing shared waves according 
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to claim 12, wherein the desired wave extracting 
means compensates for the transmission path dis- 
tortion of the desired wave signal. 

1 6. An apparatus for removing shared waves according 
to claim 12, wherein a plurality of shared wave 
reproducing means are mounted for reproducing 
different shared wave signals, and the shared wave 
removing means respectively subtracting the 
shared wave signals reproduced by the plurality of 
shared wave reproducing means from the interme- 
diate frequency signal extracted by the intermedi- 
ate frequency extracting means. 
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